Abstract--A macromolecule having a high binding affinity to norepinephrine was isolated from the soluble fraction of rat brain, the partially purified macromolecule was prepared by extraction of the brain with isotonic sucrose containing 3.3 mM CaC12, ultracentrifugation, 35-50% ammonium sulfate precipitation and DEAE cellulose chromatography.
fraction of rat brain by DEAE-cellulose chromatography and the binding properties of the macromolecule were studied in comparison with cyclic AMP binding to the macromolecule.
MATERIALS AND METHODS
Dl-norepinephrine-7-3H (10.8 Ci/mmole) was obtained from New England Nuclear Corp. (Mass., U.S.A.) and adenosine-8-3H-3',5'-monophosphate (20.7 Ci/mmole) from the Radiochemical Centre (Amersham, England). The following reagents were used : 1-nore pinephrine (Sigma), dl-epinephrine (Sigma), dl-isoproterenol (Sigma), dopamine (Tokyo Kasei Chemicals, Japan), 1-dopa (Sigma), dl-metanephrine (Sigma), 1-phenylalanine (Nakarai Chemicals, Japan), dl-tyrosine (Nakarai Chemicals), dibenamine hydrochloride (Tokyo-Kasei Chem.), dichloroisoproterenol hydrochloride (Tokyo-Kasei Chem.), alumina (Woehlem), trypsin (Sigma), and DEAE-cellulose (Pharmacia).
Preparation for binding experiments: Male rats of Donryu strain weighing 200-300 g were sacrificed by instantaneous head amputation, immediately followed by removal of cerebra, which were cleaned by extirpation of small blood vessels and blood clots and washed with physiological saline. The tissue mass was weighed and homogenized in 10 volumes of 0.25 M sucrose containing 3.3 mM CaC12 with Potter-Elvehjem type of glass-teflon homogenizer at around 800 rpm by 5 up and down in ice-cold water. The homogenate was filtered through 2 sheets of gauze to remove the large tissue fragments, and centrifuged at 15 ,000 x g for 20 min at O 'C in a Hitachi 65-P ultracentrifuge (Hitachi Co., Tokyo). The supernatant was further centrifuged at 100,000 x g for 60 min at O 'C (RP-65 rotor) to separate the soluble fraction (cytosol fraction). Ammonium sulfate was dissolved at 35-50% con centration in the soluble fraction, and the precipitate was dissolved in 10 mM Tris-Cl buffer (pH 7.4) containing 6 mM mercaptoethanol and 10% glycerol (TMG buffer). This solution containing 3-5 mg protein per ml was dialyzed overnight against fresh TMG buffer at Y C.
The dialyzate was used in some procedures of the norepinephrine and cyclic AMP binding experiments. For preparing the fractions of macromolecule of the soluble fraction, DEAE cellulose column chromatography was employed using the method of Kumon et al. (7) for separation of cyclic AMP binding protein. Before chromatography, TMG dialyzate was mixed with calcium phosphate, the macromolecule absorbed on calcium phosphate gel was eluted with potassium phosphate buffer (pH 8), and the eluate was again dialyzed against fresh TMG buffer overnight at Y C. The macromolecule in the dialyzate was separated by DEAE cellulose column chromatography. Following application of the macromolecule in the dialyzate on the top of DEAE-cellulose column (diameter, 10 mm; length, 90 mm) which was previously equilibrated with TMG buffer, elution was made with TMG buffer under the NaCI linear concentration gradient from 0.05 to 0.5 M at Y C. Four ml fraction was successively collected, and protein concentration in the fraction was measured by the method of Lowry et al. (8) . Aliquots of the fraction were used to measure the norepinephrine and cyclic AMP binding activities.
Assay procedure for norepinephrine binding activity: Dl-norepinephrine-7-3H (10.8
Ci/mmole) was purified before use by alumina adsorption according to the method of Anton and Sayre (9) . Purified 3H-norepinephrine in 0.1 N acetic acid was stored in a deep freezer (-20°C) when it not in use. Immediately before use, I or 2 Id of the stock solution of 3H-norepinephrine was diluted with 1 or 2 ml of 0 .1 M sodium phosphate buffer (pH 7) or 10 mM Tris-CI buffer (pH 7) containing 6 mM MgC12 and sodium metabisulfite (2 mg %).
Incubation was carried out usually in 0.5 or 1.0 ml of the same buffer as above at 3 °C for 3 hr in the ratio of approx. 33 pmoles of 8H-norepinephrine to mg of the macromolecule. In a blank incubation run simultaneously, 50 ag of unlabeled 1-norepinephrine was added to the incubation mixture containing brain macromolecule and 3H-norepinephrine. Im mediately after incubation, 5 ml of fresh and cold buffer was added to the incubation mixture, which was then passed through a Millipore disk filter (pore size, 0.45 /cm; diameter 25 mm, HAWP 0250, Millipore Corp., U.S.A.) under vacuum in a cold room (3'C). After 4 suc cessive washes of the disk filter with 5 ml of the same fresh buffer at each time, bound 3H norepinephrine to macromolecule on the filter was measured in a liquid scintillation spec trometer. The Millipore filter was transferred into a vial and dissolved with 1 ml of methyl cellulosolve. Using 10 ml of Bray's solution (10) as a scintillation liquid, the radioactivity of 3H-norepinephrine bound was measured at least on 2 different occasions for a sample for Minor modifications in the measurement of norepinephrine as well as cyclic AMP binding activity were sometimes made and such are described under Results. A Scatchard plot (11) was employed for the analysis of norepinephrine binding kinetics. Protein con centration was measured by the method of Lowry et al. (8) .
RESULTS
A soluble fraction of rat brain was found to contain a macromolecule with binding activity to norepinephrine. Aliquots of the macromolecule containing various concen trations of protein (0.02-1.32 mg/incubation mixture) were incubated with 6 pmoles of 3H-norepinephrine , and the bound 3H-norepinephrine (b) measured by the method described under Methods. As seen in Fig. 1 , b increased almost rectilineally at protein concentrations from 0.02 to 0.2 mg/ml, reached the maximum at about 0.5 mg/ml, and decreased at the concentrations above 0.5 mg/ml. Non-specific binding of 3H-norepine phrine measured by the incubations in the presence of an excess amount of unlabeled nore pinephrine was so low that it was disregarded. The fall of b upon increasing protein con centration over 0.5 mg/ml would be attributed to factors other than the quenching effect of unknown substances in the soluble fraction. Thus, almost constant radioactivities were obtained when a fixed amount of 3H-norepinephrine in various concentrations of protein over 0.5 mg/ml was filtered through a Millipore disk filter.
Two fractions of the macromolecule having both norepinephrine and cyclic AMP binding activity were isolated from a soluble fraction by DEAE-cellulose column chromato graphy. Before chromatography, the soluble fraction of 5 cerebra containing 37.6 mg protein in 22 ml of TMG buffer was treated with calcium phosphate and the macromolecule adsorbed to calcium phosphate gel was eluted in potassium phosphate buffer (pH 8). After dialyzing the eluate against TMG buffer at 3 °C overnight, the macromolecule in the eluate was chromatographed on DEAE-cellulose column (diameter, 10 mm; length, 90 mm) in a cold room (3'C). Elution was made with 20 ml of TMG buffer, and successively with 140 ml of TMG buffer under linear concentration gradient of NaCl from 0.05 to 0.5 M. The flow speed was approx. 4 ml/hr, and the 4 ml fractions were continuously collected. After measurement of optical density at 280 nm, 0.1 or 0.2 ml aliquots of each fraction were subjected to norepinephrine and cyclic AMP binding assay, in which 6 pmoles of 3H-nor epinephrine or 10 pmoles of 3H-cyclic AMP were used as the ligand. As seen in Fic. 2. DEAE-cellulose chromatography of the rat brain cytosol. 35-50 % ammonium sulfate fraction in 100,000" g supernatant of 0.25 M sucrose homogenate of 5 cerebra was dialyzed against TMG buffer and the dialyzate (22 ml containing 37.6 mg protein) was treated with calcium phosphate. The macromolecule absorbed to calcium phosphate gel was eluted with potassium phosphate buffer, pH 8 and the eluate was dialyzed against TMG buffer. The second dialyzate was chromatographed on DEAE-cellulose column (diameter, 10 mm: length, 90 mm) in a cold room (3 C), firstly by elution with 20 ml of TMG buffer and then successively with 140 ml of TMG buffer containing 0.05-0.5 M NaCI in the linear concentration gradient. Flow speed was approx. 4 ml hr, and 4 ml fractions were successively collected. After measurement of optical density at 280 nm, the aliquots of each fraction were subjected to the measurements of FHc. 3. DEAE-cellulose chromatography of the rat brain cytosol. 35-50% ammonium sulfate fraction in 100,000 :g supernatant fraction of 5 rat cerebra-0.25 M sucrose homogenate was dialyzed against TMG buffer and the dialyzate (38.5 ml TMG buffer containing 22.76 nig protein) was treated with calcium phosphate. The macromolecule absorbed to calcium phosphate gel was eluted with 0.2 M potassium phosphate buffer (pH 8.1), and the eluate was again dialyzed against TMG buffer. The second dialyzate was chromatographed on DEAE-cellulose column (diameter, 20 mm; length, 175 mm) in a cold room (3 "C). Elution was carried out with 100 ml of TMG buffer containing 0.05 M NaCI, and then succes sively with 300 nil of TMG buffer under NaCI concentration gradient from 0.05 0.5 M. Flow speed was approx. 18 ml/hr, and 2.5 ml fractions were successively collected. The aliquots of each fraction were subjected to the measurements of Other DEAE-cellulose chromatography in almost the same conditions as described above, except that 2.5 ml fractions were continuously collected, revealed that more than 2 fractions (4 fractions) of the macromolecule were involved in the soluble fraction of rat brain (Fig. 3) . Two of these possessed the binding activities to both norepinephrine and cyclic AMP.
Different concentrations of 3H-norepinephrine (10-5-10-9 M) were incubated with a fixed amount of the macromolecule in Fraction A (54,ag protein/0.2 ml) in 0.5 ml of 0.06 M sodium phosphate buffer (pH 7-7.4) containing 4 mM Tris, 4 % glycerol and 3.6 mM MgC12 at 3 °C for 3 hr, and the b was measured by the Millipore filtration method. As shown in ,ug protein of the macromolecule, the formed bound 3H-norepinephrine was calculated to be 55.6 x 10-5 rnoles/g protein, assuming that the norepinephrine incubated was about 55-fold concentrated in the macromolecule. Non-specific binding of 3H-norepinephrine was so low that it could be disregarded. Table I summarizes the amounts bound at various concentrations of 3H-norepinephrine added (Table 1 ). were then incubated with 3H-norepinephrine or 3H-cyclic AMP, and the b was measured.
The control incubation was carried out without trypsin or with trypsin that was preheated at 100'C for 5 min.
As seen in Fig. 6 , Fraction A lost its binding activity to norepinephrine to about 20% of the control level, while cyclic AMP binding activity was completely lost.
A marked difference of changes in the norepinephrine and cyclic AMP binding activities was found when the macromolecule of Fraction A was heat-treated. As seen in found intact at the level of about 60 of the control (Fig. 6) . Direct influence of a and ;3-adrenergic blocking agents to norepinephrine and cyclic AMP binding activities of the macromolecule in Fraction A was studied, and the result is shown in Fig. 6 . After dialysis of Fraction A against TMG buffer containing 0.5 mM dibenamine hydrochloride or TMG alone at 3,-,C for 24 hr, the aliquots of the treated samples were assayed for their binding activities to norepinephrine and cyclic AMP. As shown in Fig. 6 , norepinephrine binding activity of the macromolecule was found to decrease with dibenamine treatment to 230/ that of the control, and cyclic AM P binding activity was also decreased to 37 of the control. * At a fixed concentration of unlabeled compounds added to incubation mixture of the macromolecule in rat brain cytosol and [8H]norepinephrine under the same conditions, the inhibition rates of [8H]norepinephrine binding to the macromolecule were measured by the method described under Methods, and expressed as displacement effects when the inhibition rate due to unlabeled 1-norepinephrine was standardized to be 1.00.
presence of 3-6 x 10-6 M of unlabelled l-norepinephrine at 3 °C for 22 hr. Inhibition rates of 3H-norepinephrine binding ranged between 60 and 67 % against the controls that did not contain unlabeled 1-norepinephrine in the incubation mixture. These values of inhibition rate were standardized as 1.00 and the inhibition rates of the other catecholamines and related compounds examined simultaneously were expressed as relative numbers to 1.00
and termed the displacement effect. The chemical structures of the tested compounds and their displacement effects are summarized in Table 3 . dl-Epinephrine, dopamine and 1-dopa exhibited almost the same displacement effect as that of 1-norepinephrine. d-Isomer of norepinephrine also showed the same degree of displacement effect as 1-isomer. dl-Isopro terenol gave the value of 0.82 of displacement effect, and dl-metanephrine 0.43 that was almost half of that of dl-epinephrine. Inhibition rates due to 1-phenylalanine and dl tyrosine were only 1/10-3/10 that of norepinephrine. Thus, the binding specificity of the macromolecule was entirely dependent on the catechol structure of catecholamines and related compounds. 
